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1. Introduction

Obesity and insulin resistance are associated with inflamma-

tory markers and adipocytokines [1]. Obesity is characterized

by a low grade systemic inflammation. The incidence of

obesity and diabetes mellitus is dramatically increasing

worldwide. Epidemiological evidence of this rising tide of

obesity and associated pathologies has led to a dramatic

increase of research on the role of adipose tissue as an active

participant in controlling the body’s physiologic and patho-

logic processes [2].

Adipocytokines are proteins produced mainly by adipose

tissue [3]. The current view of adipose tissue is that of an active

secretory organ of adipocytokines, sending out and respond-

ing to signals that modulate appetite, insulin sensitivity,

energy expenditure, inflammation and immunity. These

molecules have been shown to be involved in the pathogenesis

of the metabolic syndrome.

Resistin is a 12.5 kDa, cysteine-rich protein identified by

screening for the genes that are induced during the differ-

entiation of the adipocytes. Resistin is a dimeric protein that

received its name from its apparent induction of insulin
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Background: The aim of the present study was to explore the relationship of resistin levels

with cardiovascular risk factors, insulin resistance and inflammation in naı̈ve diabetic

patients.

Subjects: A population of 66 naı̈ve diabetic patients with obesity was analyzed. A complete

nutritional and biochemical evaluation was performed.

Results: The mean age 56.9 � 11.6 years and the mean BMI was 37.8 � 6.3. Patients were

divided in two groups by median resistin value (3.3 ng/ml), group I (patients with the low

values, average value 2.5 � 0.5) and group II (patients with the high values, average value

4.8 � 1.8). Patients in the group I had lower waist circumference, total cholesterol, LDL-

cholesterol and C-reactive protein than patients in group II. Correlation analysis showed a

significant correlation among resistin levels and the independent variables; BMI (r = 0.26;

p < 0.05), waist circumference (r = 0.38; p < 0.05), fat mass (r = 0.28; p < 0.05), LDL-cholesterol

(r = 0.3; p < 0.05), C-reactive protein (r = 0.28; p < 0.05). In the multivariate analysis, resistin

concentration increase 0.024 ng/ml (CI 95%: 0.006–0.42) for each mg/dl of C-reactive protein.

Conclusion: Circulating resistins are associated with C-reactive protein in an independent

way in naı̈ve diabetic patients.
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resistance in mice. It belongs to the FIZZ (found in inflam-

matory zones) family. As noted above, it has been postulated

that resistin mediates insulin resistance, but this role may be

limited to rodents. Initial enthusiasm for this theory, which

provides a direct link between adiposity and insulin resistance

[4], was quickly quenched by contradictory findings in both

mice and humans. Its effects on insulin action have been

extensively investigated in mice [5,6], where resistin is

involved in lipid metabolism and hepatic glucose [7] and

appears to be a major determinant of hepatic insulin

resistance induced by high-fat diet [8]. In humans, data on

the role of this adipocytokine in insulin sensitivity and obesity

are controversial. Some authors indicated that increased

serum resistin levels are associated with increased obesity,

visceral fat [9] and type 2 diabetes [10], while other groups

failed to observe such correlations [11]. New data suggest that

hyperresistinemia would contribute to the pathogenesis of

hypertension in patients with diabetes mellitus [12] and

albuminuria in hypertensive adults [13].

The aim of the present study was to explore the relation-

ship of resistin levels with cardiovascular risk factors, insulin

resistance and inflammation in naı̈ve diabetic patients.

2. Subjects and methods

2.1. Subjects

A population of 66 naı̈ve diabetic patients with obesity

(BMI > 30) was analyzed in a prospective way and enrolled

in a consecutive population way. These patients signed

informed consent and the protocol was approved by the local

ethical committee.

2.2. Procedure

Weight, blood pressure, basal glucose, insulin resistance,

HbA1c, C-reactive protein (CRP), insulin, total cholesterol, LDL-

cholesterol, HDL-cholesterol, triglycerides blood and resistin

levels were measured in fasting condition. Inclusion criteria

were; obesity (BMI > 30) and diabetes mellitus (fasting basal

glucose > 126 mg/dl) treated only with diet in the last year.

Exclusion criteria included active infectious disease, total

cholesterol > 300 mg/dl, triglycerides > 400 mg/dl, blood pres-

sure > 140/90 mmHg, as well as the use of sulphonylurea,

thiazolidinedionas, insulin, glucocorticoids, antineoplastic

agents, angiotensin receptor blocker, angiotensin converting

enzyme inhibitors, and psychoactive medications.

2.3. Assays

Serum total cholesterol and triglyceride concentrations were

determined by enzymatic colorimetric assay (Technicon

Instruments, Ltd., New York, NY, USA), while HDL-cholesterol

was determined enzymatically in the supernatant after

precipitation of other lipoproteins with dextran sulphate–

magnesium. LDL-cholesterol was calculated using Friedewald

formula. Plasma glucose levels were determined by using an

automated glucose oxidase method (Glucose analyser 2,

Beckman Instruments, Fullerton, CA). Insulin was measured

by enzymatic colorimetry (Insulin, WAKO Pure-Chemical

Industries, Osaka, Japan) and the homeostasis model

assessment for insulin sensitivity (HOMA) was calculated

using these values [14]. Hemoglobin A1c levels were

measured by using high-pressure liquid chromatography

(HPLC, Menarini, It).

CRP was measured by immunoturbimetry (Roche Diag-

nostics GmbH, Mannheim, Germany), analytical sensitivity

0.5 mg/dl. Resistin was measured by ELISA (Biovendor Labora-

tory, Inc., Brno, Czech Republic) with a sensitivity of 0.2 ng/ml

with a normal range of 4–12 ng/ml.

2.4. Anthropometric measurements

Body weight was measured to an accuracy of 0.1 kg and body

mass index computed as body weight/(height2). Waist

(narrowest diameter between xiphoid process and iliac crest)

and hip (widest diameter over greater trochanters) circumfer-

ences to derive waist-to-hip ratio (WHR) were measured, too.

Tetrapolar body electrical bioimpedance was used to deter-

mine body composition [15] (EFG, Akern, Italy) and applied to

the skin using adhesive electrodes placed on right-side limbs.

Resistance and reactance were used to calculate total body

water, fat and fat-free mass. Anthropometric measurements

showed an average waist circumference (119.9 � 10.6 cm),

waist-to-hip ratio (0.95 � 0.07), and average weight

(96.1 � 17.4 kg). Tetrapolar body electrical bioimpedance

showed the next data; fat-free mass (53.5 � 15.6 kg) and fat

mass (41.5 � 15.3 kg). Serial assessment of nutritional intake

with 3 days written food records showed a caloric intake of

1615 � 410 kcal/day, a carbohydrate intake of 158.4 � 51.2 g/

day, a fat intake of 71.2 � 27.6 g/day and a protein intake of

79.3 � 20.5 g/day.

Blood pressure was measured twice after a 10 min rest with

a random zero mercury sphygmomanometer, and averaged.

2.5. Statistical analysis

The results were expressed as average � standard deviation.

Sample size was calculated to detect a difference of 1 U in

HOMA (n = 30 in each group). The distribution of variables was

analyzed with Kolmogorov–Smirnov test. Patients were

divided in two groups by median resistin value (3.3 ng/

ml)(group I vs II). Quantitative variables with normal distribu-

tion were analyzed with a two-tailed paired Student’s-t test.

Non-parametric variables were analyzed with the Friedman

and Wilcoxon tests. Qualitative variables were analyzed with

the chi-square test, with Yates correction as necessary, and

Fisher’s test. Correlation analysis was performed with Pearson

and Spearmen tests. A multiple regression model (step by step)

was used to study the dependent variable (resistin). A p-value

under 0.05 was considered statistically significant.

3. Results

3.1. Univariate analysis

The mean age 56.9 � 11.6 years and the mean BMI was

37.8 � 6.3. Baseline biochemical characteristics of patients
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were presented in Table 1, the average of resistin was

3.36 � 1.4 ng/ml.

Patients were divided in two groups by median resistin value

(3.3 ng/ml), group I (patients with the low values, average value

2.5 � 0.5) and group II (patients with the high values, average

value 4.8� 1.8). Table 2 shows the statistical differences

between both groups in epidemiological and biochemical

parameters. Patients in the group I had lower total cholesterol,

LDL-cholesterol and C-reactive protein than patients in group II.

Table 3 shows dietary intake and anthropometric para-

meters. Patients in the group I had lower waist circumference

than patients in group II.

Correlation analysis showed a significant correlation

among resistin levels and the independent variables; BMI

(r = 0.26; p < 0.05), waist circumference (r = 0.38; p < 0.05), fat

mass (r = 0.28; p < 0.05), LDL-cholesterol (r = 0.3; p < 0.05), C-

reactive protein (r = 0.28; p < 0.05).

3.2. Multivariate analysis

In the multivariate analysis with age-, weight-, sex-adjusted

basal resistin concentration as a dependent variable, only C-

reactive protein remained as an independent predictor in the

model (F = 7.3; p < 0.05), with a direct correlation. Resistin

concentration increase 0.024 ng/ml (CI 95%: 0.006–0.42) for

each mg/dl of C-reactive protein.

4. Discussion

The main finding of this study is that resistin levels are related

with C-reactive protein, LDL-cholesterol, fat mass and waist

circumference in patients with diabetes mellitus type 2 and

obesity. A limitation of our study is the absence of a control

group, however the results are interesting in this topic area of

investigation.

Initial studies have demonstrated that obesity in mouse

and insulin resistance is associated with increased circulating

resistin levels [6]. Given the incomplete homology between

human and mouse resistin and the absence in humans of one

of three murine resistin isoforms, resistin in humans may

have a different physiologic role than that in mouse. There is

controversial correlation between body weight, adiposity,

cardiovascular risk factors and resistin [16], as shown by our

data. Some articles, reported that in humans resistin levels

Table 1 – Clinical and epidemiological characteristics of
study population.

Parameters n = 66

Age (years) 56.9 � 11.6

BMI (kg/m2) 37.8 � 6.3

Systolic BP (mmHg) 145.3 � 19.3

Diastolic BP (mmHg) 85.1 � 18.4

Glucose (mg/dl) 132.7 � 27.5

Total cholesterol (mg/dl) 215.4 � 39.7

LDL-cholesterol (mg/dl) 143.9 � 36.8

HDL-cholesterol (mg/dl) 51.6 � 11.6

Triglycerides (mg/dl) 153.2 � 93.2

Insulin (mUI/l) 24.3 � 20.9

HOMA 8.2 � 6.7

CRP (mg/dl) 7.1 � 6.8

HbA1c (%) 5.7 � 0.85

Resistin 3.36 � 1.4

BMI: body mass index. BP: blood pressure. CRP: C-reactive protein.

Table 3 – Dietary intake and anthropometric character-
istics by median resistin value.

Parameters Group I
(n = 33)

Group II
(n = 33)

p

Energy (kcal/day) 1642 � 438 1585 � 396 ns

CH (g/day) 157.9 � 57.2 159.0 � 44.1 ns

Fat (g/day) 73.7 � 26.7 68.4 � 28.9 ns

Protein (g/day) 81.5 � 17.2 76.9 � 23.9 ns

Weight (kg) 94.8 � 16.3 97.5 � 18.6 ns

BMI (kg/m2) 36.8 � 5.4 38.1 � 6.9 ns

Fat-free mass (kg) 54.8 � 15.3 52.3 � 12.3 ns

Fat mass (kg) 39.3 � 14.6 43.6 � 15.9 ns

Waist circumference 117.6 � 10.5 122.6 � 10.7 <0.05

Waist to hip ratio 0.96 � 0.07 0.95 � 0.06 ns

Group I (patients with the low values of median resistin) and group

II (patients with the high values of median resistin). CH:

carbohydrate. ns: no significative.

Table 2 – Clinical and epidemiological characteristics of study population by median resistin value.

Parameters Group I (n = 33) Group II (n = 33) p

Sex (male/female) 11/22 9/24 ns

Age (years) 56.0 � 11.3 57.9 � 12.1 ns

Systolic BP (mmHg) 137.8 � 16.5 138.7 � 16.1 ns

Diastolic BP (mmHg) 85.8 � 10.3 85.1 � 8.5 ns

Glucose (mg/dl) 127.2 � 27.3 138.2 � 27.1 ns

Total cholesterol (mg/dl) 206.1 � 38.3 224.7 � 39.5 <0.05

LDL-cholesterol (mg/dl) 132.1 � 33.9 158.7 � 35.5 <0.05

HDL-cholesterol (mg/dl) 53.4 � 15.8 52.8 � 13.7 ns

Triglycerides (mg/dl) 141.3 � 67.8 165.5 � 90.1 ns

Insulin (mUI/l) 22.2 � 17.3 26.5 � 24.3 ns

HOMA 7.1 � 5.7 9.4 � 9.8 ns

CRP (mg/dl) 4.9 � 4.7 9.4 � 6.9 ns

HbA1c (%) 5.6 � 0.8 5.8 � 0.7 ns

Group I (patients with the low values of median resistin) and group II (patients with the high values of median resistin). BMI: body mass index.

CRP: C-reactive protein. BP: blood pressure. ns: no significative.
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correlate with insulin resistance and obesity [4,6,17], while

other investigations failed to observe any correlation of

metabolic markers with resistin levels, and no significant

difference was observed in resistin levels in subjects with

metabolic syndrome compare to controls [18,19].

In our study and other previous study [20], resistin levels

were correlated with BMI, waist circumference, fat mass,

LDL-cholesterol and C-reactive protein, without correlation

or association with insulin resistance. These controversial

data may be due by a different genetic background of

the participants, sex distribution, comorbidities (diabetes

mellitus, hypertension) or different average of body mass

index.

Other explanation for the lack of correlation with insulin

resistance is that many hormones affect insulin resistance,

and resistin may not be a major determinant of insulin

resistance. Nevertheless, resistin is known to stimulate the

expression of other proinflammatory cytokines and several

studies have found circulating levels to correlate with markers

of inflammation [21–23]. In the present study, as in some

previous studies [21–24], levels of resistin and CRP were

correlated. Cell-culture experiments on isolated monocytes

demonstrated that resistin regulates proinflammatory cyto-

kine secretion through the nuclear factor-kappa Beta pathway

[25], a master controller of the proinflammatory process. Also,

the highest levels of resistin mRNA [26] and protein [27] were

found in human mononuclear cells (e.g., macrophages), a

major source of proinflammatory markers. Macrophage

infiltration into visceral adipose tissue is a major feature of

obesity [28]. This fact could explain the correlation between

resistin levels and waist circumference and fat mass that we

describe in our article.

In multivariate analysis, the relation between resistin

levels and C-reactive protein remained in an independent

way. Kunnari et al. [29] showed this positive correlation with

C-reactive protein, too. These data suggest that in humans

resistin could be related to the cardiovascular inflammatory

state. Accordingly, the correlation between obesity (fat mass

and waist circumference) and resistin levels might explain

this inflammatory state produce by C-reactive protein sec-

ondary to resistin without effect on insulin resistance [30].

There might be the possibility that resistin is rather associated

with inflammation markers that would appear at different

stages of metabolic syndrome development but not with an

established diabetes mellitus and its metabolic parameters

such as glucose, insulin resistance and HbA1c.

Secondary to this hypothesis there are studies about the

reducing effects of thiazolidinedione (TZD) class of insulin

sensitizers on resistin levels in an independent way of insulin

resistance [31] and the notion that these agents could decrease

CRP values is reported [32].

In conclusion, circulating resistin is associated with C-

reactive protein in an independent way in naı̈ve diabetic

patients. Further studies are needed to analyze this unclear

topic area with clinical and therapeutically implications.
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